This paper presents an automated and comprehensive system for eliminating rib shadows in chest radiographs, which integrates lung field identification, rib segmentation, rib intensity estimation, and suppression. We designed a region of interest (ROI)-based method to estimate a suitable initial lung boundary for active shape model (ASM) deformation by determining the translation and scaling parameters from the lung ROI. By considering the anatomical structure of the rib cage, we developed a locale sampling scheme to achieve nonparametric rib modeling. This scheme integrates knowledge-based generalized Hough transform (GHT) for accurate rib segmentation. We subsequently estimated rib intensity using the real-coded genetic algorithm (RCGA). Experimental results indicate that the relative conspicuity of the nodules increased after rib suppression, compared to the original image. Additionally, the proposed system uses only one standard chest radiograph, and the dual-energy subtraction technique is not required. Thus, this system is suitable for radiologists and computer-aided diagnosis (CAD) schemes for detecting lung nodules in chest radiographs.
Introduction
For many years, the incidence rate of chest disease has gradually increased. Over 9 million people worldwide die of chest diseases every year [1] . Among chest diseases, lung cancer has the most minacity. Lung cancer accounts for more than 900,000 deaths annually and is the leading cause of cancer-related deaths worldwide [1] . In Taiwan, lung cancer surpassed liver cancer, becoming the leading cause of cancer deaths in 1997. By 2006 lung cancer comprised over 33% of all cancer deaths. Therefore, effective and early diagnosis of lung cancer is a significant research issue. Because of convenience, minimal costs, and low radiation dose, chest radiography is the most widespread diagnostic imaging technique for lung cancer. Additionally, evidence suggests that early detection of lung cancer by chest radiographs may allow a favorable prognosis [2]. However, radiologists frequently fail to detect lung nodules (i.e., potential lung cancers) during chest radiograph inspections. Approximately 82%-95% of undetected lung cancers were obscured partly by overlying bones such as the ribs [3] . Thus, a number of computer-aided diagnosis (CAD) systems for automatic nodule detection on chest radiographs [4,5] have been proposed to improve detection accuracy [6] . For current CAD schemes [7, 8] , nodule detection using chest radiographs presents a major challenge because ribs often obscure nodules. Because these bony structures [8] tend to cause CAD systems to produce false positives, for clinical applications, CAD systems have the disadvantage of lower sensitivity and specificity. A recent study showed that most lung cancer lesions missed on frontal chest radiographs are located behind the ribs, and
